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SYNCHRONIZATION CIRCUIT 

FTT.TTD OF THF. TKTVENTTQN 

The present invention relates to a synch 
for synchronizing an asynchronously inputted si 
in a digital signal transmission apparatus. 
T^ArKr^Roim n of the invention 

A conventional synchronization circuit s 
asynchronously inputted signal with a synchroni 
outputs the synchronized signal (refer to Japan 
Patent Application No, 5-327676 and USP4965814) 
the conventional synchronization circuit will be 
reference to figure 17, 

Figure 17 is a block diagram illustrating 
of the conventional synchronization circuit. 

With reference to figure 17, a flip-flop 1 
signal SIN that is asynchronous to a synchroni z 
and an inverse clock nSCK that is output from ar. 
latches the input signal SIN at a timing of a ri. 
inverse clock nSCK. A flip-flop 2 receives the 
and the synchronization clock SCK, and latches 
SIN at a timing of a rising edge of the synchroijii 
A flip-flop 3 receives a signal selected by a s 
and the synchronization clock SCK, and outputs 
signal SOUT at a timing of the rising edge of 
clock SCK. The selection circuit 4 selects ei 



Lzation circuit 
with a clock. 



izes an 
ion clock, and 
e Published 

Hereinafter, 
described with 



:he construction 

receives an input 
ion clock SCK, 
inverter 5, and 
sing edge of the 
input signal SIN 
the input signal 

zation clock SCK, 
flection circuit 4 
synchronizing 

synchronization 
r the output of 



ett 



the 



t tie 
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zation circuit 



the flip-flop 1 or the output of the flip-flop 2 on the basis of 
a control signal CTL that is output from a switching control 
circuit 6. The inverter 5 receives the synchronization clock SCK, 
and outputs an inverse clock nSCK that is obtainejd by inverting 
the synchronization clock SCK. The switching coitrol circuit 6 
outputs a control signal CTL according to the tenporal 
relationship between a transition point of the iiiput signal SIN 
and an edge of the synchronization clock SCK. 

Hereinafter, the operation of the synchrony : 
constructed as described above will be described. 

The asynchronous input signal SIN is applitsd to data 
terminals D of the flip-flops 1 and 2. 

When the inverse clock nSCK outputted from 
input to the flip-flop 1 through a clock input tierminal CK, the 
flip-flop 1 latches the input signal SIN at a timing of the 
rising edge of the inverse clock nSCK, and outputs the signal to 
the selection circuit 4 through a data output terminal Q. 

Further, when the synchronization clock SC< is input to the 
flip-flop 2 through a clock input terminal CK, the flip-flop 2 
latches the input signal SIN at a timing of the rising edge of 
the synchronization clock SCK, and outputs the signal to the 
selection circuit 4 through a data output terminal Q. 

On the other hand, the switching control circuit 6 monitors 
the temporal relationship between the transition point of the 
asynchronous input signal SIN and the edge of the synchronization 



the inverter 5 is 
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JT through a data 



SIN is 



clock SCK, and outputs the control signal CTL whnn detecting that 

the relationship approaches a predetermined period of time, 

thereby to control the selection circuit 4. 

The flip-flop 3 latches the signal selecteci by the selection 

circuit 4 at a timing of the rising edge of the synchronization 

clock SCK, and outputs a synchronizing signal SO 

output terminal Q. 

In this way, the asynchronous input signal 

synchronized with the synchronization clock SCK.' 

However, the signal latched at the inverse' clock nSCK has 

already been output from the selection circuit 4! when the 

switching control circuit 6 detects that the transition point of 

the asynchronous input signal- SIN approaches the edge of the 
synchronous clock SCK, and this signal is again latched at the 
synchronization clock SCK by the third flip-floi> 3, and thereby a 
latency is undesirably added to the signal. 

Furthermore, there are many cases where plural pieces of 
asynchronous signals are input in recent multi- channel digital 
transmission, and skews between the plural inpu': signals 
adversely affect data transmission as the input 
faster. Since, in the conventional technique, there is a 
possibility that a latency is added to every sibfnal, such skews 
cause a serious problem in data transmission in 
signal synchronization should be carried out. 
«:;ttmmary nr the ttmvf.ntion 



signals become 



which error-free 
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The present invention is made to solve the above-described 
problems and has for its object to provide a synphronizatlon 
circuit that can prevent addition of latency to kn input signal, 
and is reduced in circuit scale. | 

Other objects and advantages of the inventjon will become 
apparent from the detailed description that follows. The 
detailed description and specific embodiments dejscribed are 
provided only for illustration since various addjitions and 



modifications within the scope of the invention 



will be apparent 



to those of skill in the art from the detailed description. 

According to a first aspect of the present invention, there 
is provided a synchronization circuit for receiving an input 
signal and a clock having a frequency equal to e transfer rate of 
the input signal, and synchronizing the input signal with the 
clock, and the synchronization circuit comprises; a state 
detection circuit for outputting a control sign4l according to 
the temporal relationship between a transition point of the input 
Signal and an edge of the clock; a delay selection circuit for 
adding a delay to the input signal on the basis 



signal; and a latch circuit for synchronizing tlie signal 



outputted from the delay selection circuit with 
outputting the synchronized signal. Therefore, 
can be synchronized with the inputted clock witkout the necessity 
for inverting the input signal as in the conventional circuit 
As a result, a synchronization circuit that can 



of the control 



the clock, and 
the input signal 



perform the 
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transfer rate of 
gnal with the 
a state 



above-described synchronization without adding latency to the 
input signal can be implemented in a relatively feimple 
construction. I 

According to a second aspect of the present: invention, there 
is provided a synchronization circuit for receiving an input 
signal and a clock having a frequency equal tc 
the input signal, and synchronizing the input si 
clock, and the synchronization circuit compirises 
detection circuit for outputting a control iignal according to 
the temporal relationship between a transition point of the input 
signal and an edge of the clock; a delay selectilon circuit for 
adding a delay to the clock on the basis of the control signal; 
and a latch circuit for synchronizing the input signal with the 
clock outputted from the delay selection circuit, and outputting 
the synchronized signal. Therefore, the input Jiignal can be 
synchronized with the inputted clock without the necessity for 
inverting the input signal as in the conve Jtioncil circuit. As . a 
result, a synchronization circuit that can perform the above- 
described synchronization without adding latency/ to the input 
signal can be implemented in a relatively simpl<j construction. 

According to a third aspect of the present invention, there 
is provided a synchronization circuit for receiving plural input 
signals having phases irrelevant to each other. 



and a clock 



having a frequency equal to a transfer rate of the plural input 
signals, and synchronizing the plural input sig|ials with the 
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clock:, and the synchronization circuit comprises 
detection circuit for outputting control signals 



j^espective input signals, according to the ttemporal relationship 



between transition points of the plural input si 

I 

selection circuit for adding delays to the respe 
signals on the basis of the control signals, rela 



a state 

relating to the 



jnals; a delay 
::tive input 
ting to the 



respective input signals; and a latch circuit fot synchronizing 

the respective signals outputted from the delay selection circuit 

with the clock, and outputting the synchronized 'signals. 

Therefore, each input signal can be synchronized[ with the 

inputted clock without the necessity for inverting the input ■ 

signal as in the conventional circuit. As a refiult, a 

synchronization circuit that can perform thfe abc ve-described 

synchronization without adding latency to the irput signal can be 

implemented in a relatively simple construction. 

I 

According to a fourth aspect of the present invention, there 
is provided a synchronization circuit for recei^^ing plural signal 
bundles each comprising a set of plural input s:.gnals 
synchronized with each other and a single clock having a 
frequency equal to a transfer rate of the p'lura!. input signals, 
in which the phases of the input signals includ<5d in one signal 
bundle are irrelevant to the phases of the input signals included 
in the other signal bundles, and synchroniz;ing :he input signals 
included in one signal bundle with the input signals included in 
the other signal bundles by using a single sync ironization clock 
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that is selected from among the clocks included :.n the respective 
signal bundles, and the synchronization circuit comprises a state 
detection circuit for detecting the state between the plural 
input signals included in the respective signal bundles; a clock 
selection circuit for receiving the clocks included in the 



respective signal bundles, and selecting one of 
clocks, as a synchronization clock, on the kasis 



the state detection performed between the reispective signal 
bundles by the state detection circuit; a d^lay 



for adding delays to the plural input signals included in each . 



signal bundle, on the basis of the result of the 
performed between the respective signal bunciles; 
circuit for synchronizing the output signal 
selection circuit for each signal bundle, with tlhe 
synchronization clock, and outputting the synchronized signal. 
Therefore, the plural signal bundles which are inputted 
asynchronously with each other can be synchronised with each 



:he inputted 
of the result of 



selection circuit 



state detection 
and a latch 
the delay 



other without inverting the plural input si 
respective signal bundles. As a result, a 
circuit that can perform synchronization wi 
to the input signals can be implemented in 
construction. 

According to a fifth aspect of the present 
synchronization circuit according to the fdurth 



gnals! included in the 
synclironization 
thout: adding latency 
a relatively simple 



detection circuit comprises an early/late detection circuit for 



invention, in the 
aspect, the state 



I 
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a c 



clock selection 



lock included in 



detecting which signal bundle is earlier in inpu : timing between 
the respective signal bundles, and outputtirg an early/late 
detection signal; and an overlap detection circuit for detecting 
an overlap period between the respective sicnal oundles, and 
outputting an overlap detection signal; the 
circuit selects, as a synchronization clock, 

a signal bundle which is determined as being inpbtted earlier 
between the respective signal bundles, on the basis of the 
early/late detection signal; and the delay ^elecjtion circuit adds 
delays based on the early/late detection si<^nal 
detection signal, to the plural input signals included in the 
respective signal bundles. Therefore, a synchronization circuit 
that can synchronize plural signal bundles regardless of the 
presence or absence of an overlap period between data to be 
synchronized, which data are included in the respective signal 
bundles, can be implemented in a relatively 

According to a sixth aspect of the present 
synchronization circuit according to the first 
selection circuit comprises a delay circuit for 
the input signal; and a selection circuit for. s 



the input signal or the output signal of the delay circuit on the 



basis of the control signal, since a de 



lay 



simple construction. 

invention, in the 
.aspect, the delay 
adding a delay to 
alecting either 



added to the input 



signal on the basis of the control signal, it bjecomes unnecessary 

I 

to invert the input signal as in the conventional circuit, 
resulting in a synchronization circuit that carj avoid addition of 



I 
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resent invention^ in 



latency to the input signal. 

According to a seventh aspect of the pj 
the synchronization circuit according to the second aspect, the 
delay selection circuit comprises a delay circuit for adding a 
delay to the inputted clock; and a selection circuit for 
selecting either the inputted clock or the clock outputted from 
the delay circuit on the basis of the control signal. Therefore/ 
a synchronization clock, which is obtained by adding a delay to 
the clock on the basis of the control signal, ca,n be used for 
synchronizing the input signal. As a result, it: becomes 
unnecessary to invert the input signal as in th^ conventional 
circuit, resulting in a synchronization circuit 
addition of latency to the input signal. 

According to an eighth aspect of the ^resekt invention, in 
the synchronization circuit according to thie thd.rd aspect, the 
delay selection circuit comprises a delay circuit for adding 
delays to the respective input signals; and a selection circuit 
for selecting one from among the plural inpLt s:.gnals and the 
signals outputted from the delay circuit, ^r each of the plural 



that can avoid 



input signals, on the basis of the control 
the respective input signals, and outputtir 



Since a delay is added to each input signal on the basis of each 
control signal, it becomes unnecessary to invert the input signal 
as in the conventional circuit, resulting J.n a synchronization 
circuit that can avoid addition of latency to t|he input signal. 



signals relating to 
g th3 selected signal 
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signal . 



10 



According to a ninth aspect of the present invention, in the 
synchronization circuit according to any of the first to fifth 
aspects, the state detection circuit detects the_state of the 
input signal on the basis of a preamble detection signal which is 
supplied from the outside and indicates the jposltional 
relationship of data to be synchronized. Therefore, the 
positional relationship of the data to be synchronized can be 
easily determined. 

RPTF.F nKSP PTPTTOW OF THE DRAWINGS 

Figure 1 is a waveform diagram of an input 

Figure 2 is a block diagram illustrating t|e construction of 
a synchronization circuit according to a fitst ei>bodiment. 

Figure 3 is a timing chart in the syndhronization circuit 
according to the first embodiment. , 

Figure 4 is a timing chart in the synchronization circuit 

according to the first embodiment. 

Figure 5 is a diagram illustrating the construction of a 

state detection circuit. 

Figure 6 is a block diagram illustrating the construction of 
a synchronization circuit according to a second 
present invention. ' 

Figure 7 is a timing chart in the synchroii: 

I 

according to the second embodiment. j 

Figure 8 is a timing chart in the synchroifization circuit 

according to the second embodiment. 



embodiment of the 



.ization circuit 
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Figure 9 is a block diagram illustratiig the construction of 

rd eicibodiment of the 



ing the construction 



:h embodiment of 



four 



ng input signals to be 
o the fourth 



e co: is t ruction of an 



a synchronization circuit according to a thi: 
present invention . 

Figure 10 is a block diagram illustratj: 
of a synchronization circuit according to a 
the present invention. 

Figure 11 is a timing chart illustratiii 
input to the synchronization circuit accord:. ng t: 
embodiment . 

Figure 12 is a diagram illustrating the construction of a 
state detection circuit included in the synchronization circuit 
according to the fourth embodiment . 

Figure 13 is a diagram illustrating tt. 
early/late detection circuit included in thk syrjchronization 
circuit according to the fourth enODodiment . 

Figure 14 is a diagram illustrating the construction of an 
overlap detection circuit included in the s|ynchi|onization circuit 
according to the fourth embodiment. 

Figure 15 a diagram illustrating the tonstjruction of a delay 
selection circuit included in the synchroni; 
according to the fourth embodiment. 

Figure 16 is a timing chart illustrating input signals to be 
input to the synchronization circuit according to the fourth 
embodiment . 

: L 
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zation circuit 
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Hereinafter, embodiments of the present im 



ention will be 



described with reference to the drawings. The embodiments 
described below are merely examples, and the present invention is 
not restricted thereto. 
[Embodiment 1] 

Hereinafter/ a synchronization circuit according to a first 
embodiment of the present invention will be described with 
reference to figures 1 and 2. 

Figure 1 is a waveform diagram illustfatinj an asynchronous 
input signal SIN that is input to a synchronization circuit 



a period Ts is a 
Id time of the signal 
ind€ifinite period in 



according to the present invention, wherein 
signal definite period in which a set-up ho 
SIN is ensured, and a period Td is a signal 
the vicinity of a transition point of the signal. SIN. 

Figure 2 is a block diagram illustrating tihe construction of 
the synchronization circuit according to the first embodiment. 

The synchronization circuit shown in figure 2 is provided 
with a state detection circuit 102 for outputting a control 

signal CTL according to the temporal relationsh: 

transition point of the input signal SIN aiid an 

synchronization clock SCK, a delay selection cii 



adding a delay to the input signal SIN on t:he basis of the 



control signal CTL, and a latch circuit (f|ip-f 
synchronizing an output signal SD of the delay 
101 with the synchronization clock SCK. 



i.p between a 

edge of a 
rcuit 101 for 



lop) 103 for 
selection circuit 
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The state detection circuit 102 sets the ccfntrol signal CTL 



at "High" and outputs it, when the edge of t:he s 
clock: SCK exists in a period where a sufficient 



is not ensured for the input signal SIN> i.o., in the signal 



the 



/nchronization 
set-up hold time 



other hand, the 



s . As shown in 
an implemented as a 



indefinite period Td shown in figure 1. On 

state detection circuit 102 sets the control sigjnal CTL at "Low" 
and does not output it, when the edge of th'5 synchronization 
clock SCK exists in the signal definite period 1 
figure 5, the state detection circuit 102 c 

circuit comprising a delay circuit 104 whica adcs a delay to the 
input signal SIN, an XOR circuit 105 which receives the input 

signal SIN and an output signal DSi of the jdelay circuit 104, and 

I 

outputs a signal Sxor, and a flip-flop 106 Whicl|i receives the 
output signal Sxor of the XOR circuit 105 aind tl|ie synchronization 
clock SCK, and outputs the control signal CTL. 

The delay selection circuit 101 comprp-ses 
111 for adding a delay to the input signal SIN, 
circuit (2:1 selector) 112 for selecting e4.therj the input signal 
SIN or an output signal DSIN of the delay circuit 111 on the 
basis of the control signal CTL outputted from the state 
detection circuit 102, The selection circuit l!l2 selects the 
output signal DSIN of the delay circuit 111 whdn the control 
signal CTL is input thereto. I 

I 

Hereinafter, the operation of the synchro)iization circuit 
tructed as described above will be described with reference 



a delay circuit 
and a selection 



cons 



FROM $a»»««)9i 



2003* 9fl25B(*) 15:53/W«15!47/3aM»3803823156 P 18 



14 



to figures 3 and 4 . 

The input signal SIN is input to the delay 
101 and the state detection circuit 102, and the 



selection circuit 
synchronization 



clock SCK is input to the state detection circuilt 102 and the 
flip-flop 103. While the transfer rate of j:he input signal SIN 
is equal to the frequency of the synchronization clock SCK, the 
phase of the input signal SIN is irrelevant to fhe phase of the 
synchronization clock SCK. 

Initially, in the delay selection circuit 101, the delay 
circuit 111 adds a delay to the input signal SIN, and outputs the 
delay-added signal DSIN to the selection circuit; 112 

On the other hand, the state detection circuit 102 performs 
a comparison of phases between the input clock cfK and the input 

signal SIN. 

As a result of the phase comparison, when 
that an edge ell of the synchronization clock SCK exists in the 
signal definite period Ts of data dll of the in]3ut signal SIN as 
shown in figure 3, the control signal CTL remaijis at "Low" and is 
not output to the delay selection circuit 101. 



the selection circuit 112 in the delay selection circuit 101, the 



input signal SIN is selected and outputted as a 
flip-flop 103. In the flip-flop 103, the tiata 
SD outputted from the delay selection circuit 1 
with the synchronization clock SCK to be olitput 
synchronizing signal SOUT. 



it is detected 



Accordingly, in 



signal SD to the 
dll of the signal 
01 is synchronized 
as a 
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Further, as a result of the phase comparison, when it is 
detected that an edge el2 of the synchronization clock SCK exists 
in the signal indefinite period Td of data dl2 of the input 
signal SIN as shovm in figure 4, the control signal CTL is 
changed from "Low" to "High" to be output to the delay selection 
circuit 101. Accordingly, in the selection circuit 112 in the 
delay selection circuit 101, the output signal of the delay 
circuit 111, i.e., the signal DSIN obtained by adding a delay 
time Tdel to the input signal SIN, is selected akd outputted as a 
signal SD to the flip-flop 103. In the .flit^-flcp 103, the data 
dl2 of the signal SD outputted from the delay selection circuit • 
101 is latched at an edge el3 of the synchronization clock SCK to 
be output as a synchronizing signal SOUT. 

While in the above description the opiratiDn of the 
selection circuit 112 is switched when the output from the state 
detection circuit 102 is "High", the present invention is not 
restricted thereto. , 

The synchronization circuit according^ to the first 
embodiment is provided with the state detection circuit 102 for 
outputting the control signal CTL according to the temporal 
relationship between the transition point of the input signal SIN 
and the edge of the synchronization clock SCK, the delay 



selection circuit 101 for adding a delay to the' input signal SIN 

i I 

on the basis of the control signal CTL; and the 
for synchronizing the signal SD outputted from 



latch circuit 103 
the delay 
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selection circuit 101 with the synchronization clock SCK, Since 
it is not necessary to invert the input sigrial as in the 
conventional circuit, the input signal SIN c:an bs 
with the synchronization clock SCK without c:onsi 
temporal relationship between the signal indefinite period of the 
input signal SIN and the edge of the synchronization clock SCK. 
As a result, a synchronization circuit that 
above-described synchronization without adding Ic 
input signal can be implemented in a relatively 'simple 
construction . 
[ Embodiment 2 ] 

Hereinafter/ a synchronization circuit according to a second 
embodiment of the present invention will be descxibed with 
reference to figure 6. 

Figure 6 is a block diagram illustrat:.ng the construction of 
the synchronization circuit according to the se<:ond embodiment. 

The synchronization. circuit shown in ::igure 6 is provided 
with a state detection circuit 202 for outputting a control 
signal CTL according to the temporal relationshitp between a 
transition point of an input signal SIN anc an udge of an input 
clock CK, a delay selection circuit 201 foi adding a delay to the 
input clock CK on the basis of the control signal CTL, and a 
flip-flop 203 for synchronizing the input signal SIN with a clock 
SCK that is selected by the delay selection circuit 201. 

The state detection circuit 202 sets the (j:ontrol signal CTL 
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le sinchronization 



suf filcient .set-up 

, i.e./ the 
1, (i)n.the other hand, 
signal CTL at 



at "High" and outputs it, when the edge of t 

clock SCK exists within a period in which a 

hold time is not ensured for the input signa|l SU 

signal indefinite period Td shown in figure 

the state detection circuit 202 sets the con1:rol 

"Low" and does not output it, when the edge of the 

synchronization clock SCK exists within the signal definite 

period Ts shown in figure 1. The state detection circuit 202 can 

be implemented by a circuit shown in figure 5. 

The delay selection circuit 201 is providedl with a delay 
circuit 211 for adding a delay to the input clocjk CK, and a 
selection circuit (2:1 selector) 212 for selecting either the 
input clock CK or an output clock DCK of the delay circuit 211 on 
the basis of the control signal CTL. The sLect:ion circuit 212 
selects the output clock DCK of the delay circuit 211 when the 
control signal CTL is input thereto. 

The operation of the synchronization <|:ircuit constructed as 

described above will be described. | 

The input signal SIN is input to the ftate detection circuit 
202 and the flip-flop 203, and the input clock L is input to the 
state detection circuit 202 and the delay selection circuit 201. 
Although the transfer rate of the input signal 3IN is equal to 
the frequency of the input clock SCK, the jlhase of the input 
signal sin is irrelevant, to the phase of tt^e input clock SCK. 

First of all, in the delay selection Icircuit 201, the delay 
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circuit 211 adds a delay to the input clock CK, end outputs the 
delay-added clock DCK to the selection circuit 21 

on the other hand, the state detection circuit 202 performs 
a comparison of phases between the input clJck CK and the input 
signal SIN. 

As a result of the phase comparison, when it is detected 
that an edge e21 of the input clock exists in the signal definite 
period Ts of data d21 of the input signal slN as shown in figure 
1, the control signal CTL remains at "Low" and is not output to 
the delay selection circuit 201. Accordingly, in the selection 
circuit 212 in the delay selection circuit Ul, the input clock 
CK is selected and outputted as a synchronisation clock SCK to 
the flip-flop 203. in the flip-flop 203, tLe data d21 of the 
input signal SIN is synchronized with the sUchronization clock 
SCK to be output as a synchronizing signal SOUT 

Further, as a result of the phase comparison, when it is 
detected that an edge e22 of the input clocjk exists in the signal 
indefinite period Td of data d22. of the input skgnal SIN as shown 
in figure 8, the control signal CTL is changed 
"High" to be output to the delay selection 



from "Low" to 
circuit 201. 

e delay selection 



Accordingly, in the selection circuit 212 Ln th 
circuit 201, the output signal of the delaj/ ciicuit 211, i.e., a 
clock DCK obtained by adding a delay time Tdel -to the input clock 
CK, is selected and outputted as a synchronization clock CK to 
the flip-flop 203. in the flip-flop 203, the data d22 of the 
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input signal SIN is latched at an edge e23 of the clock SCK 
outputted from the delay selection circuit 201 to be output as a 
synchronizing signal SOUT . 

While in the above description the operation of the 
selection circuit 212 is switched when the outpuj from the state 
detection circuit 202 is "High", the present invention is not 
necessarily restricted thereto. 

The synchronization circuit according to thje second 
embodiment is provided with the state detecljion j:ircuit 202 for 
outputting the control signal CTL according 



to t 



le temporal 
input signal SIN 



relationship between the transition point ol; the 
and the edge of the clock CK, the delay sele.ctiok circuit 201 for 
adding a delay to the clock CK on the basis of the control signal 
CTL, and .the latch circuit 203 for synchronizing the input signal 
SIN with the clock SCK outputted from the delay selection circuit 
201. Since it is not necessary to invert the input signal as in 
the conventional circuit, the input signal SIN can be 
synchronized with the synchronization clock| SCK without 
considering the temporal relationship betwe^en tlie signal 
indefinite period of the input signal SIN and tL edge of the 
synchronization clock SCK. As a result, a synchronization 
circuit that can perform the above-mentioned synchronization 
without adding latency to the input signal can Le implemented in 
a relatively simple construction, 
[Embodiment 3] . ■ 
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rd embodiment 



of a first input 
an edge of a 



Hereinafter, a synchronization circuit according to a third 
embodiment of the present invention will be described with 
reference to figure 9. 

Figure 9 is a block diagram illustrating tJie construction of 
the synchronization circuit according to the thio 

The synchronization circuit shown in figurs 9 is provided 
with a state detection circuit 303 for outputtirg a first control 
signal CTLl and a second control signal GTL2 according to the 
temporal relationships between transition points 
signal SINl and a second input signal SIN2, and 
synchronization clock SCK, respectively; a delay selection 
circuit 301 for adding a delay to the first input signal SINl on 
the basis of the first control signal CTLl; a dcslay selection 
circuit 302 for adding a delay to the second ini)ut signal SIN2 on 
the basis of the second control signal CTL2; a l:lip-flop 304 for 
synchronizing the output signal of the delay selection circuit 
301 with the synchronization clock SCK to outpul: a first 
synchronizing signal SOUT; and a flip-flop 305 t^or synchronizing 
the output signal of the delay selection circuij: 302 with the 
synchronization clock SCK to output a second syiichronizing signal 
SOUT2 . 

The state detection circuit 303 outputs Wie control signal 
CTL when the edge of the synchronization clock BCK exists within 
a period in which a sufficient set-up hold time' is not secured 
for the input signal, i.e., the signal indefinijte period Td shown 



RECEIVED TIMESEP:.25. 2:04AM 



2003^ 9^258 (*) 1 5 : 56/Wlt 5 : 55>OW*^3803823 1 57 



21 



the edge of the synchronization clock SCK exists 

figure 1 . Th|e st< 



in figure 1, and it doesn't output the control spLgnal CTL when 

within the 

signal definite period Ts shown in figure 1. Thje state detection 
circuit 303 can be implemented by the circuit shown in figure 5. 

Further, the delay selection circuit 301 is provided with 
the delay circuit 311 for adding a delay to the ^first input 
signal SINfl; and a selection circuit (2:1 selector) 312 for 
selecting either the first input signal SINl or the output signal 
DSIN of the delay circuit 311 on the basis of the first control 



signal CTLl 



The selection circuit 312 selects Ithe output signal 



for selecting 



SDIN of the delay circuit 311 when the first conltrol signal CTLl 
is input thereto. 

Further, the delay selection circuit 302 is; provided with a 
delay circuit 321 for adding a delay to the second input signal 
SIN2; and a selection circuit (2:1 selector) 322 
either the second input signal SIN2 or the output signal DSIN2 of 
the delay circuit 321 on the basis of the second control signal 
CTL2. The selection circuit 322 selects the output signal DSIN2 
of the delay circuit 321 when the second controlj signal CTL2 is 
input thereto. 

Hereinafter, the operation of the synchronization circuit 
constructed as described above will be described . 

The first input signal SINl is input to ths delay selection 
circuit 301 and the state detection circuit 303/ the second input 
signal SIN2 is input to the delay selection circuit 302 and the 
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State detection circuit 303, and the synchronization clock SCK is 
input to the state detection circuit 303, the flip-flop 304, and 
the flip-flop 305. While the transfer rates of the respective 
input signals SINl and SIN2 are equal to the frequency of the 
synchronization clock SCK, the phases of the input signals SINl 
and SIN2 are irrelevant to the phase of the sync tironizat ion clock 
SCK . 

Initially, in the delay selection circuit :i01, the delay 
circuit 311 adds a delay to the first input signal SINl, and 
outputs the delay-added signal DSIN to the select 
Further, in the delay selection circuit 302, the 
321 adds a delay to the second input signal SIN2. 
delay-added signal DSIN to the selection circuit 

On the other hand, the state detection circuit 303 performs 
a comparison of phases between the synchronizatiDn clock SCK and 
the input signals SINl and SIN2. 

As a result of the phase comparison, when :.t is detected 
that the edge of the synchronization clock SCK exists in the 
signal indefinite period Td of the first input signal SINl, the 
first control signal CTLl is output to the delay! selection 
circuit 301. Accordingly, in the selection circuit 312 in the 
delay selection circuit 301, the output signal dsiNl of the delay 
circuit 311 is selected and outputted to the flilp-flop 304 as a 
signal SDl . 

Further, when it is detected that the edge of l^he 



tion circuit 312. 

delay circuit 
, and outputs the 

322. 
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synchronization clock SCK exists in the signal definite period Ts 
of the first input signal SINl, the first control signal CTLl is 
not output to the delay selection circuit 301 and, therefore, the 
first input signal SINl is selected by the selection circuit 312 
and outputted to the flip-flop 304 as a signal Spl . 

Further, when it is detected that the edge of the 
synchronization clock SCK exists in the signal indefinite period 
Td of the second input signal SIN2, the second control signal 
CTL2 is output to the delay selection circuit 302. Accordingly, 
in the selection circuit 322 in the delay selection circuit 302, 
the output signal DSIN2 of the delay circuit 321 is selected and 
outputted to the second flip-flop 305 as a signal SD2 . 

Further, when it is detected that the edge bf triie 
synchronization clock SCK exists in the signal definite period Ts 



of the second input signal SIN2, the second cont 
is not output to the delay selection circuit 302 
the second input signal SIN2 is selected by the 



roi Signal CTL2 

and, therefore, 
select ion circuit 



322 and outputted to the flip-flop 305 as a signal SD2. 



In the flip-flop 304, the output signal SD 
selection circuit 301 is latched at the edge of 



from the delay 
the 



synchronization clock SCK to be output as a syncjhronizing signal 
SOUTl. Further, in the flip-flop 305, the outp^ft signal SD from 
the delay selection circuit 302 is latched at the edge of the 
synchronization clock SCK to be output as a syncjhronizing signal 
SOOT2 . i 
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While in the above-description two input signals are adopted/ 
an arbitrary number of input signals (not less than two) may be 
adopted. At this time, the number of times of state detection in 
the state detection circuit 303 changes according to the number 
of input signals. 

The synchronization circuit according to the third 
embodiment is provided with the state detection circuit 303 for 
outputting the control signals CTLl and CTli2 relating to the 
respective input signals SINl and SIN2, .accordirtg to the temporal 
relationship between the transition points of tlie input signals 
SINl and SIN2; the delay selection circuit 302 lor adding delays 
to the respective input signals SINl and SIN2 oil the basis of the 
control signals CTLl and CTL2; and the latch ciicuits 304 and 305 
for synchronizing the signals SDl and SD2 outputted from the 
delay selection circuit 302 with the synchronizcition clock SCK. 
Since it is not necessary to invert each input signal as in the 
conventional circuit, the first input signal SINl and the second 
input signal SIN2 can be synchronized with each 'other using the 
synchronization clock SCK without considering the temporal 
relationship between the signal indefinite period of each input 
signal and the edge of the synchronization cloclt SICK.. As a 
result, a synchronization circuit that can perform the above- 
described synchronization without adding latency to the input 
signals can be implemented in a relatively simple construction. 
[Embodiment 4] 
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Hereinafter, ^ synchronization circuit accdrdin^ to a fourth 
exnbodixaent of the present invention will be desc|:ibed with 

reference to figure 10, 

The synchronization circuit according to the fourth 
eo^odiment receives plural signal bundles each comprising a set 
of plural input signals synchronized with each other and a single 
clock having a frequency equal to a transfer ra^e of the plural 
input signals, in which the phases of the input 



sigri^ils inbluded 



in one signal bundle are irrelevant to the phases of the input 
signals included in the other signal bundles, arid synchronizes 
the input signals included in one signal bundle with the input 
signal, included in the other signal bundles by using a single 
synchronization clock that Is selected from among the clocks 
included in the respective signal bundles. 

Figure 10 is a block diagram illustrating |the construction 
Of the synchronization circuit according to the fourth embodiment 
Of the Present invention. While plural signal |=undles should be 
input to the synchronization circuit, figure lo; shows two signal 
bundles each comprising a set of a single input' signal and a 
Single clock for the sake of convenience. To b.e specific, in 
figure 10. SI«-1 denotes one of signals inoludeb in the first 
signal bundle, SIN-2 denotes one of signals included in the 
. second signal bundle. CKl is a clock included ik> the fir.t signal 
bundle, and CKZ is a clock included in the second signal bundle. 
The synchronization circuit shown in figure 10 is provided 
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with a state detection circuit 401 for detecting the state 
between the first input signal SIN-1 and the second input signal 
SIN-2 which are included in the respective signal bundles; a 
clock selection circuit 402 for selecting either the first input 
clock CKl or the second input clock CK2 on the basis of a result 
of the state detection performed between the respective signal 
bundles by the state detection circuit 401, and outputting. the 
selected clock as a synchronization clock SCK; a delay selection 
circuit 403 for adding a delay to the first input signal SIN-1 on 
the basis of the result of the state detection performed between 
the respective signal bundles, and outputting the delayed signal 
as a signal SDll; a delay selection circuit 404 for adding a 
delay to the second input signal SIN-2 on the basis of the result 
of the state detection performed between the respective signal 
bundles, and outputting the delayed signal as a 
flip-flop 405 for synchronizing the signal SDll 
synchronization clock SCK; and a flip-flop 406 l:or synchronizing 
the signal SD21 with the synchronization clock ?CK. 

As shown in figure 12, the state detection circuit 401 is 
provided with an early/late detection circuit 407 for detecting 
as to which signal bundle is earlier in input t:.ming between the 
respective signal bundles (SIN-1 and SIN-2), and an overlap 
detection circuit 408 for detecting an overlap period between the 
respective signal bundles (SIN-1 and SIN-2) . 

As shown in figure 13, the early/late detection circuit 407 



signal SD2.1a; a 
with the 
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is provided with a flip-flop 444 for receiving tjie. first input 
signal SIN-1, and a flip-flop 445 for receiving the second input 
signal SIN-2. One of the flip-flops 444 and 445, Which receives 
the input signal earlier than the other flip-flop, outputs a 
signal Kil or Ki2 indicating that inputting should be stopped, to 
the other flip-flop. When the first input signal SIN-1 is 
inputted earlier than the second input signal SIN-2, the flip- 
flop 444 outputs an early/late detection signal Fal . When the 
second input signal SIN-2 is inputted earlier than the first 
input signal SIN-1, the. flip-flop 445 outputs an earl-y/late 

detection signal Fa2 . 

As shown in figure 14, the overlap detection circuit 408 is 
provided with a delay circuit 421 for adding a celay to the first 
input signal SIN-1, a delay circuit 422 for adding a delay to the 
second input signal SIN-2, an AND circuit 426 fcr receiving the 
first input signal SIN-1 and the output signal of thfeS delay 
circuit 422, an AND circuit 427 for receiving the second input 
signal SIN-2 and the output signal of the delay 'circuit 421, an 
AND circuit 428 for receiving the output signal of the AND 
circuit 426 and the output signal of the AND cijrcuit 427, an XOR 
circuit 429 for receiving the output signal of the flip-flop 423 
and the output signal of the flip-flop 424, a fiip-flop 423 for 
receiving the output signal of the AND circuit 426, =a flip-flop 
424 for receiving the output signal of the AND circuit 427, and a 
flip-flop 428 for receiving the output signal ojE the- AND circuit 



RECEIVED TIMESEP. 25. 2:04AM 



I 



2003^^ 9^258 (*) 15: 59/lfflll5:55/'»fi^3803823 157 P 



28 



428. 

. As shown in figure 15, the first delay selection circuit 4 03 
is provided with a flip-flop 431 for receiving tie first input 
signal SIN-1 and the first clock signal CKl, and 

signal AD; a flip-flop 432 for receiving the output signal AD of 
the flip-flop 431 and the first clock signal CKl, and outputting 
a signal BD; a selection circuit 433 for selecting the output 
signal BD of the flip-flop 432 when either the. early/late 
detection signal Fal or the overlap detection circuit Ovl is 
input/ while selecting the output signal AD of the flip-flop 431 
when no signal is inputted; a delay circuit 435 for adding a 
delay time Tdelay to the output signal SIN-SI of the selection 
circuit 433, and outputting a delay-added signal SIN-^Dl; and a 
selection circuit 4 34 for selecting the output signal SIN-SI of 
the selection circuit 433 when the overlap detection signal Sol 
is not inputted, while . selecting the output signal SIN-Dl of the 
delay circuit 435 when the overlap detection sicp:ial Sol is 
inputted. The selection circuit 433 and the selection circuit 
434 are 2:1 selectors. 

The operation of the synchronization circuit constructed as 
described above will be described. • 

The first input signal SIN-1 is input to the delay selection 



circuit 4 03 and the state detection circuit 401 
signal SIN-2 is input to the delay selection ci 



, the second input 
rcuit 404 and the 



state detection circuit 401, the first input clock CKl is input 
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to the delay selection circuit 4 03 and the clock selection 
circuit 402, and the second input clock CK2 is input to the delay 
selection circuit 404 and the clock selection circuit 402. While 
the first input signal SIN-1 and the first input 
second input signal SIN-2 and the second input c 
inputted in synchronization with each other as skown in figure 11, 
the first input signal SIN-1 and the second input signal SIN-2 
are asynchronous to each other . Further, data d41 and data d42 
are signals to be synchronized - 



clock CKl (the 
Lock) are 



Initially, in the state detection circuit 



401, the 



early/late detection circuit 407 detects as to vihich signal is 
earlier in input timing between the first input sigiial SIN-1 and 
the second input signal SIN-2, and outputs a defection signal Fal 
to the clock selection circuit 402 when the first input signal 
SIN-1 is earlier, or outputs a detection signal Fa2 to the clock 
selection circuit 402 when the second input sigiial SIN-2 is 
earlier. When the detection signal Fal is input to the clock 
selection circuit 402, the clock selection circuit 402 outputs 
the first input clock CKl as a synchronization clock SCK to the 
first flip-flop 405 and the second flip-flop 4ol6. On the other 
hand, when the detection signal Fa2 is input tJ the clock 
selection circuit 402, the clock selection circuit 402 outputs 
the second input clock CK2 as a synchronizatiorl clo<:k SCK to the 
first flip-flop 405 and the second flip-flop 406. 

on the other hand, in the state detection circuit 401, the 
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overlap detection circuit 408 detects an overlap period between 
the first input signal SIN-1 and the second input signal SIN-2. 
When the overlap period is longer than a delay time' tso, the 
overlap detection circuit 408 outputs a detection signal Ovl and 
a detection signal Ov2 to the first delay selection circuit 403 
and the second delay selection circuit 404, resplectively . When 
the overlap period . is shorter than the delay tiire Tso, the 
overlap detection circuit 408 outputs a det^ctich ^i^al Sol and 
. a detection signal So2 to the first delay selection circuit 403 
and the second delay selection circuit 404, respectively. 
In the first delay selection circuit 403, 



irfhen either the 



In the rirst aexay &ej.«='-^-«-v^" ■ ■ 

detection signal Ovl or the detection signal FaJ from the state 
detection circuit 401 is input to the selection circuit 433, the 
output signal BD from the flip-flop 432 is seleited. Otherwise, 
the output signal AD from the flip-flop 431 is selected. Further, 
when thB detection signal Sol is input to the selection circuit 
434, the output sigx^.l SIN-Dl of the delay circuit 435 is 
selected and outputted as a signal SDll to the fcirst flip-flop 
405. Otherwise, the output signal SIN-Sl of the selection 
circuit 433 is outputted as a signal SDll. Then, in the first 
flip-flop 405, the output signal SDll of the delay selection 
circuit 403 is synchronized with the synchronization clock SCK 
outputted froza the cloc. selection circuit 402 to be output as a 
synchronizing signal SOUTH. 

Further, the second delay selection circullt 4Q4 is 
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output ted from 
a synchronizing 



controlled by the output signals Ov2^ So2, and Fa2 of the state 
detection circuit 401 in like manner as described for the first 
delay selection circuit 403, and a signal SD21 is output to the 
second flip-flop 406. Then, in the second flip-flop 406, the 
output signal SD21 of the delay selection circuit 404 is 
synchronized with the synchronization clock SCK 
the clock selection circuit 402 to be output as 
signal SOUT21. 

In this way, the first signal bundle SIN-l' and the second 
signal bundle SIN-2, which have been inputted asynchronously to 
each other, are synchronized. Since these signals are 
synchronized even when the data d43 and d44 - to be synchronized 
have no overlap period as shown in figure 16, displacements of 
pictures or the like can be avoided. 

While in this fourth embodiment two input 
adopted, an arbitrary number of input signals ntt less than two 
may be adopted. Further, as for clocks to be ijaput in 
synchronization with the respective input signals, an arbitrary 
number of clocks not less than two may be adopted. Thus, the 
number of input signals and the number of clocks may be 
arbitrarily selected as long as the above -men tiloned funct;!^^^ are 
satisfied, and the present invention is not restricted to the 
above-described construction. I . 

The synchronization circuit according to the fourth 
embodiment is provided with the state detection circuit 401 for 



signals are 
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..ceivin, two signal .unaie. each co.pri.in, a s*t o£ plural 
3,„c.ro„ous input signal, an. a single cloc. .avU a 
equivalent to a transfer rate of the plural input signals, in 
Which the input Signals included in one signal bundle is 
.relevant to the input signals included in the other signal 
.undies, and detecting the state .etveen the input signals^ 
included in the respective signal hundles; the c,oc. selection 

. ^v, ^i«r.v CKl and the block CK2 
circuit 402 for receiving the clock CKl an |- 

included in the respective signal .undies, ^d ^ ^ 

.he input C10C.S CKl and CK. as a svnchroni.ation cloc. SCK on 
the basis Of the result of the state detection perfc^ed h, the 
..ate detection circuit ,01. the dela. selectic .,cir,uits,.0 and 
.0, for adding delavs to the plural input signais SXK-1 ^,sr.-2 
included in the respective signal bundles on the basis of the 
.esult Of the state detection performed between *he , respective 
.ignal bundles; and the latch circuits 405 and ko6. for . 
3Vnchroniring the output signals S.ll and .S.l fro. the delav 
selection circuits 403 and 404 with the synchronisation cloc. 

. , Since it is not necessary to invert the input 
rral sxl; and the input signal SlK-a as in t^'"^--; 
.i.cuit. the input signals SX«-1 and SlK-a can be synchronized 
. with each other using the synchronisation cloc. SCK without 

1 ^oi;,tionshiP between the. signal 
considering the temporal relationship ' ' 

^ of each input signal and the edge of the 
indef inite period of each mp ^ . ^^,,it 

• n clock AS a result, a syriehronl*^l5*on qxi^cuit 

synchronization clock. 
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that can perform the above-mentioned synchronization of the 
respective input signals SIN-1 and SIN-2 without adding latency 
to the input signals even when there is no overlap period of data 
to be synchronized, can be implemented in a relatively simple 
conistruction . 

In the respective embodiments of the present invention, a 
preamble signal indicating the positional relationship between 
the data to be synchronized may be input to the .tate. detection 
circuit so as to detect a preamble pattern of tht input signal, 
whereby the positional relationship between the bata to be 
synchronized can easily be detected. 

The synchronization circuit according to the present 
invention is useful as a circuit capable of increasing the data 
transmission efficiency in a data transmission system such as a 
digital transmission apparatus. 
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